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Ihc Usr: of a Synthetic (3i func t i on,il Ligand for the 
Immunomctrie Determination of the Concentration Ratio 
of Two Solutes 
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In t reduction 




t:s a simolo technique (a kit) 



for determining reliably the i S&'tli 1 *. wi.c ~ of cue h^^an 
menstrual cycle. S»ich * Vit will be suitable for home 
use, to enable a woman to determine v/hen she is fertile 
and so avoid conception by periodic abstinence from 
intercourse. Conversely the ability to predict-ovu- 
lation will be valuable in cases where conception is 
de9i red . 

It is proposed to use a technique in which the ratio 
of two steroid metabolites, in urine, is measured 
directly; a signal being generated in direct proportion 
to the value of this ratio. The two metabolites are: 
3-hydroxy-oest ra-1 ,3 ,5 (10) - t r j cm n- 1 7 -on e 3-fJ-D- 
glucupy ranosi du runi c acid (trivial name: oestrone-3- 
glucuronidc or E13C) and 5p -p r eqnan e- 3< f 20^c-dioi 3o^-£-D- 
glucupyranosiduronic acid (trivial name: p r egnan ediol - 
3-glucuroni de or P03C). The signal will be a colour 
produced by an cnzymc-l abelled antibody. The novelty 
of the approach lies in the use of a mixed steroid 
glucuroni de-p ro t ci.n immunocomp 1 ex to measure directly a 
s t cro i d/c t ero i d rutio. This principle can be applied 
to the measurement of uny solute /solute ratio. 

Mn tcrinls 

Mixed steroid qlucu roni de-protein complex. 

The scheme is based, on the preparation of a macro- 
molecule containing both oes trone-gl ucu ronids and 
pregnancdioJ -qlucuronidc covalently linked to a protein, 
such r.3 bovine s»:rum alburn in (8SA): 



-5 



1183080 

- 2 - 



(oc3tronc-3- glucu roni de )^DSA - (pregnancdiol-3-glucuro- 
ni de ) . 

The method used will be the mixed anhydride reaction 
as described * wi th the differenco that two steroids 
glucuronides instead of one would be involved in the 
reaction. The advantage of using a protein, such as 
bovine scrum albumin is that the number of molecules 
of each steroid giucuronide . per molecule of BSA can be 
independently varied by adjusting the stoichi omet ry of 
reagents. It is intended to synthesise a range of 
mixed steroid glucu roni de-BSA complexes with varying 
ratios of o es t ronc-glucu ron i de to prcgnanediol -giucuro- 
nide. Such mixed steroid gl ucu roni de-BSA complexes will 
be capable of simultaneously binding both oestrone- 
glucuronide antibodies and prcgnanediol -glucu roni de 
antibodies. The complex with an optimum ratio will 
finally be selected after testing in the reaction scheme 
set out below. 

An ti sera 

Immunoglobulin enriched fractions of both ocst rone.- 3 -giuc- 
uronide and p rcgnanedi ol ->\-glucu ronide antisera will 
b e used . 

Oestrone giucuronide antiserum labelled with the enzyme 
"horse radish peroxidase" prepared by a modification 
of the method using glutaraldehydens the cross Jinking 
reagent 2. An alternative enzyme label alkaline phospha- 
tase will also bo investigated. 

Sol i d. Phase 

Polystyrene tes,t tubes (50 x fimm) obtained clean and 
sterile from Sterilin Ltd will be used as a solid phase. 
The antibody coated tube3 are robust and can be stored 
eutpty, in a sealed container, at -20°C for many months, 
without loos of antibody activity. Alternative solid 
phase supports will be investigated such as filter paper 
strips, to which antibody is covalently bound. 
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I' roc ocUi r c 

The method proposed io in two parts, (1) p r cp a r.i t i on 
of a solid phase i mmunocompl ex ( Fx g . 1 ) ; (2) the testing 
of a sample for a E13C/PDiG ratio (fig. 2). 

( 1 ) p r epa r ;i ti on of the aolid phaoe i mmunocomp I ox 

1. Coating of tubes with pregnanedio 1 -gl ucu ronidc 

» ; » L j v j.t m . 

2 /""^^^ Wy^T^hT^ 
JpJ^^P.i^L^:.. or antibody coated tubes with the mixed 
'steroid cjlucuronide-BSA complex (ie El 3G-BSA-PD3G) • 

4. Buffer wash. 

5. Incubation of coated tubes with oustrone glucuro- 
nidc antiserum. 

6 . Buffer wash . 

7. Store empty, but scaled at -20°C until required, 
(2) Use of above preparation to tout for the E 1 3C/PD3G 

1. Add (diluted) urine to i mmunocompl ex coated tubes. 

Incubate. 

2 . Bu f f cr w ash . 

3. Add excess en/ymc labelled o cs t ron c -g 1 ucu roni d e 

antisera. 

A. buffer wash, 

5. Measure amount of label, by addition of substrates 
followed by colorimetry. 

NB: Excess reagent in utep 3 will enable this to be 
a very short ati»p. Also any non-specific interfering 
factors from the urine sample will be washed away 
therefore- cn/yne blanks should be minimal. 

Rh t i unn 1 c 

The reaction end point will be determined by the amount 
of rcsidu.il labelled ocotronu cjlucuronidc antibody bound 
to the solid phase, and this will be proportional to the 
number of exposed oestronc rj 1 ucu ron ide residues on the 
solid phase after incubation with diluted urine. This in 
turn is dependent cn two factors. (1) the number of 
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C13G rcsidui'a will be; proportional to the concentration 
of oestrofjen glucuronide in the u r in c samp 1 e , ninrc f ree 
oestrono glucuronide will competitively displace non- 
lnbelled oestronr g! »;<vt roni d c ' ;*n t 1 buu i c /. f * w»n t. s ;i 

c -.«^v "«Tin 1 i « y . < ? \ th v . amou nt of l mmunocp mn 1 c_* bound to 

tho solid phone will be inversely proportional to the 
concentration of p it'tjfi : * * » i o ?— j.Jiuni do in th e urine 
sample, no free prugnuncdiol tjlucuronidc will competi- 
tively displace BSA linked propanediol glucuronide from 

10 tho solid phase prcgnonediol glucuronide antibodies. 

It follows that, Tor samples containing high con cent ra- 
tio no of oeutronc glucuronide and low eoncnntraliona 
of pregnnncdiol glucuronide ( p o r i o vu 1 1* t o ry phase) *nxi- 
15 mum binding of labelled antibody will be nhieved i.e. 
high E13G/PD^C r;itio will give n high signal. 

In ree other extreme conditions .i r e possible: 

(1) low ocr.t rone glucuronide + low prcganediol glucu- 
20 ronidc (early follicular phase); 

(2) low o est rone glucuronide ♦ high prccjuancdiol glucu- 
ronide; 

(3) high ocstrune glucuronide ♦ high p r egnancd io 1 
glucuronide (n. id luteal phase). 

25 

Under condition (1), unlabel! cd oc:tr ^nc glucuronide 
antibodies will not be displaced f rom the i mmunocoopl ex , 
no labelled o est rone glucuronide antibodies can bind 
to the colic! phase ;md a low signal will result. Under 
30 condition?. (2) and (3) the i mmuno c omp 1 c x will be cleaved 
from the solid phase altogether, no oestrogen residues 
will rem- 1 in on the solid phnse and nn signal will be 
possible. 

3 5 I h 'j above schev.e has a number of advantages. 

(1) Colour development occurs when the test is positive. 

(?) Interfering factors from t h <? urine :: a ap 1 c are 

°l iwinntcd by washing after absorption onto solid phase. 
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(3) The teat is independent fro;:i urine volume. 

(4) The use oT a solid plmse technique enables the 
use n I' a simple "dips Lick test". 



Pp t i-g * a t i o n a i i d evaluation of the kit 

Th n u M- will hf? o p t i m i s od in term?; of 1 tuning 1 the 
colour signal response to correspond with the range 
of ocstrone-3-giucuronidc/pregnancdiol-3-giucuronide 
ratios that occur in n normal menstrual cycle. The 
following variables will be invecjtiqated in order to 
achieve this end: 

(a) Variation of the number of residues of oestrone- 
3-glucuronicJe and /or prognanediol-3-glucuronide per 
molecule of mixed steroid-protein complex. %i 

(b) Variation in the dilution of p r cgnan edi ol -3 -gl u - 
curonido nnt i senmi used to coat the solid phase. 

(c) Variation in the chn rac t eri s t i c s of the unlabel led 
an ti sera, e.g. high vermis low affinity antiserum. 

(d) Variation in the characteristics of the enzymc- 
labclled antiserum. 

(e) Variation in the nature of the enzyme label and/ 
or substrates. 

It is intended to examine urines from a large number of 
menstrual cycler, using the kit. Usi^g a simple colour 
chart, significant measures in colour intensity will 
be recorded and correlated with the fertile period. 

Preliminary da to on the L1PG/PD3C ratio from nine normal 
menstrual cycles by conventional analyses have shown 
that the ratio increases 2 to 5 fold from the mean 
follicular phase baseline value (days - 12 to - 6 ) 
to the p rc-ovula to ry peak value. Differences in chrono- 
pher e concentrations of this magnjtuuc are readily detec 
ted by the human eye therefore in theory the kit is 
feasible. 
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However it has been observed that the absolute value 

of the ratio can differ from woman to woman. For the 

nine subjects examined the follicular phase baseline 

ratio (mean oC ''x»ir 1 ? T * *\ ^"r 00 r T nm O-^ 1 — mm 

0.03 and the pre-ovulatory peak value (days - 2 to 

0) ranges from 0.028 to 0.156. In terms of a kit this 

indicates that an absolute colour endpoint may not be 

suitable, rather a relative colour change would mark 

the end point. 

It is envisaged that the kit would contain a colour 
chart, graduated in increasing intensities of colour. 
For each woman a follicular phase baseline of colour 
intensity would be recorded on the chart. As mid cycle 
approaches an increase in colour intensity by a certain 
number of graduations on the chart would be taken as a 
positive resul t . 

In this speci f ication the term "irreversible bond" 
means a bond, the dissociation constant of which is lower 
than the dissociation constant of an immunochemical bond. 
In particular the bonds between the solid phase and the 
second antibody have a lower dissociation constant than 
the dissociation constants of the immunochemical bonds 
which bind the first and second antibodies to the ligand 
molecules. 

Re f erences 
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The embodiments of the invention in which an exclusive 
property of privilege is claimed are defined as follows: 

1. A reagent systsz. frr use in determining the con- 
centration ratio of— & ifiAiiir^ — * *:o * ^Tond anti- 
genic solute, comprising a firsn and a second component, the 
first component comprising; 

a solid phase, 

a first antibody capable of reversibly binding 
to the first antigenic solute, 

a second antibody capable of reversibly binding 
to the second antigenic solute, 

a ligand molecule comprising one or more molecules 
of the first antigenic solute and one or more molecules of the 
second antigenic solute covalently bound to a support molecule, 

wherein the second antibody is irreversibly bound 
to the solid phase, the ligand molecule is capable of being 
reversibly bound to the solid phase by the reversible binding 
of the second antibody with one or more molecules of the second 
antigenic solute bound to the support molecule and the first 
antibody is capable of being reversibly bound tc the ligand 
molecule by the reversible binding of the first antibody with 
one or more molecules of the first antigenic solute bound to 
the support molecule, thereby forming an immunocomplex bound to 
the solid phase, 

and the second component comprising; 

a labelled antibody having substantially the same 
antigenic specificity as the first antibody. 



A. 
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2. A reagent system according to claim 1 wherein 
the support molecule is a protein. 



3, A reagent system according to claim 2 wherein 

.he o:o te in is bovine ser»ir alb ifr * n . 



4. A reagent syscem according to claim 1, 2 or 3, 
wherein the first and second antibodies are immunoglobulin 
enriched fractions of antisera to the first and second antigens 
respectively. 

5. A reagent system according to claim 1, 2 or 3 
wherein the labelled antibody is labelled with an enzyme. 

6. A reagent system according to claim 1, 2 or 3, 
wherein the enxyme labelled antibody is capable of producing a 
visible signal in conjunction with a substrate. 

7. A reagent system according to claim 1, 2 or 3, 
wherein the labelled antibody is labelled with horseradish per- 
oxidase. 

8. A reagent system according to claim 1, 2 or 3, 
wherein the first and second antigenic solutes are steroids or 
steroid metabolites . 



9. A reagent system according to claim 1. wherein the 
first antigenic solute is 3-hydroxy-oe»tra- 1 , 3 , S ( 10 ) -tr iene-17^one 
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3 "/^°"glucupyrano3iduronic acid (oestrone-3-glucuronide) . 

10. A reagent system according to claim 1, wherein 
the second antigenic solute is 5^-pregnane-K, 20*-diol3t*-^-D- 
glucupyranosiduromc acid (pregnanediol- 3-glucuronide) . 

^2£21? t system a ccording to claim 9 or 10 
when used i*"u method for the detection of the feTtile period of 
the menstrual cycle. 

12. A process for the determination of the concentra- 
tion ratio of a first antigenic solute to a second antigenic 
solute using the reagent system according to claim 1 # 2 or 3 
comprising the steps of: 

placing a sample containing a first and second 
antigenic solute in contact wizh tho first component of the 
reagent system, thereby causing competitive dissociation of 
the immunocomplex, tho equilibrium of which dissociation depends 
upon the ratio of tho concentration of the first and second 
solutes present in tho sample, 

washing tho first componont with a buffer solu- 
tion, thereby removing immunocomploxea not bound to the solid 
phase, placing the labelled antibody in contact with the first 
component thereby allowing tho formation of an immunocomplex 
with non-complexed molecules of tho first antigonic solute on 
the ligand molecule, washing the first component with a buffer 
solution, thereby removing immunocomplexos not bound to the 
solid phase, and measuring th* amount of label lod antibody 
associated with the solid phasti. 
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13. A process for the Jeterminat ion of the concen- 
tration ratio of a first antigenic solute to a second anti- 
genic solute using the reagent system according to claim 1, 

2 or 3, wherein the first and second antibodies are immuno- 
globulin enriched fractions wi antiscra to the first and zc:++l 
antigens respectively and comprising the steps of: 

placing a sample containing a first and second anti- 
genic solute in contact with the first component of the reagent 
system, thereby causing competitive dissociation of the im- 
munocomplex, the equilibrium of which dissociation depends 
upon the ratio of the concentration of the first and second 
solutes present in the sample, 

washing tho first component with a buffer solution, 
thereby removing immunooomp luxos not bound to the solid phase, 
placing the labelled antibody in contact with the first com- 
ponent thereby allowing tho formation of an lmnunocomplox 
with non-comp lexod molecules' of tho first antigenic solute 
on the llgand molecule , washing the first component with « 
buffer solution, thereby removing lmmunocomplexos not bound 
to the solid phase, and measuring tho amount of labelled anti- 
body associated with the solid phase. 

14. a process for the detorminat ion of the concen- 
tration ratio of a first antigenic soluto to a second anti- 
genic solute using the reagent system according to claim 1, 

2 or 3, wherein the labelled antibody is labelled with an 
enzyme and comprising tho stops of: 

placmq a sample containing a first and second antl- 
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gonic solute in contact with the first component of the ro- 
agent system, thereby causing competitive dissociation of 
the lmmunocomplex, the equilibrium of which dissociation de- 
pends upon the ratio of the concentration of the first ajnd 
second solutes present in the sample, 

washing the first component with a buffer solution, 
theroby removing lmmunocosiplexee not bound to the solid phase 
placing the labelled antibody in contact with the first com- 
ponent thereby allowing the formation of an lmmunocomplex 
with non-comploxed molecules of the first antigenic solute 
on the lig.ind molecule, washing the first component with a 
buffer solution, thereby removing immunocomplexes not bound 
to the solid phase, and measuring the amount of labelled anti 
body associated with the solid phase. 

IS. a process for the determination of the concen- 
tration ratio of a first antigenic solute to a second anti- 
genic solute uoing the reagent aystem according to claim 1, 
2 or 3, wherein the enzyme labelled antibody is capable of 
producing a vialbie signal in conjunction with a substrate 
and compriuing the steps oft 

placing a sample containing a first and second anti- 
genic solute in contact with the first component of th«? re- 
agent system, theroby causing competitive dissociation of 
the immunocoraplox , the equilibrium of which dissociation de- 
pends u|x>n the ratio of the concentration of the first and 
second solutes present in the sample. 
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washing the first component with a buffer solution, 
thereby removing inununocomplexes not bound to the solid phaso 
placing the labelled antibody in contact with the first com- 
ponent thereby allowing the formation of an lmmunocomplrtx 
with non-compi*rxecl molecule* th - Titat -»i.xg«« wlucu 

on the ligand molejule, washing t'Vi'U*. ~ 

buffer solution, thereby removing inununocomplexes not bound 
to the solid phase, and measuring the amount of labelled anti 
body associated with the solid phase. 



IZ 



Figure 1: * 

x Preparation of /nixed Steroid Glucuronide Irnmunocomplex on a Solid Phase 



solid phase 
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